Introduction
Genetic conditions involving total or partial absence of hair may occur alone or in association with other anomalies as a part of syndrome. Isolated forms of alopecia include congenital atrichia (MIM 203655), Marie Unna hereditary hypotrichosis (MIM 146550), hypotrichosis simplex (MIM 605389), localized hereditary hypotrichosis (LAH, MIM 607903) and autosomal recessive hereditary hypotrichosis (AH, MIM 609167). All of these conditions have been described at molecular level and two causative genes including hairless (HR, MIM 602302) for congenital atrichia (Ahmad et al. 1998 ) and desmoglein 4 (MIM 607892) for LAH (Kljuic et al. 2003; Rafique et al. 2003 ) have been cloned.
Among the syndromic forms of alopecia, major defects associated with hair loss include total or partial anodontia, hyperkeratosis, impaired sweating, dwarfism, mental retardation, epilepsy, nail dystrophy, retinas pigmentation, etc. Alopecia with mental retardation syndrome (APMR, MIM 203650) is a rare autosomal recessive disorder characterized by complete hair loss and severe mental retardation.
In the present study we have studied a consanguineous family with the autosomal recessive form of APMR from a remote area of Pakistan. Genome wide scan led to the identification of a novel locus for this form of syndrome on chromosome 3q26.33-q27.3 flanked by markers D3S1232 and D3S2436.
Materials and methods

Family history and clinical findings
A large seven-generation Pakistani family (Fig. 1) , segregating an autosomal recessive form of APMR syndrome, was ascertained in which four males and three females were affected. In individuals affected with APMR syndrome, hairs were completely absent by birth from all areas of normal hair growth including scalp, eyebrows, eyelashes, axillary and pubic hair. Affected individuals showed normal hearing, teeth and nails and no abnormalities in sweating were observed. In addition, all the affected individuals were similarly severely mentally retarded and were described as difficult to handle. Neurological examination of two of the affected individuals showed no abnormality; in particular, gross motor development was normal and they never received physiotherapeutic treatment. No other clinical signs including seizures were detected.
Genotyping and linkage analysis Genotyping was performed as described previously (Rafique et al. 2003) . Two-point LOD score was calculated using MLINK of the FASTLINK computer package (Cottingham et al. 1993) . Multipoint linkage analysis was performed using ALLEGRO (Gudbjartsson et al. 2002) . For the analysis an autosomal recessive mode of inheritance with complete penetrance and a disease allele frequency of 0.001 were assumed. Equal allele frequencies were used for the markers in the analysis.
Results
After linkage to known genes involved in the related phenotype, were excluded, a genome scan was performed using the DNA samples of four affected individuals (V-5, V-7, VII-1, VII-2). In the course of screening 358 markers, spaced at approximately 10 cM intervals, from the Marshfield screening set (version 10.0), four markers (D3S1262, D4S2361, D10S564, D12S1301) were found to be homozygous in all four affected subjects and were tested further in rest of the family members. One of these markers, D3S1262, was found to be homozygous in all the five affected members of the family, indicating linkage of APMR syndrome to chromosome 3.
For fine mapping, 36 additional markers were selected from Marshfield genetic map (http:// www.marshmed.org/genetics). After genotyping all the family members with these makers, the data were analyzed using two-point and multipoint linkage analysis. Table 1 summarizes the two-point LOD scores obtained for fine mapping markers. The two-point analysis generated a maximum LOD score of 3.05 (h=0) for marker D3S3583. Multipoint analysis supported linkage to this region, with maximum LOD score exceeding 5.0 at markers D3S3578, D3S3583, D3S3592, D3S1530, D3S1617 and D3S1602. The three-unit support for the APMR locus contained an 11.49-cM region which spanned from marker D3S1232 to D3S2436.
Haplotypes using SIMWALK2 were constructed to determine the critical recombination events. The disease haplotype (region of homozygosity) was the same region contained within the three-unit support interval. This region corresponds to a physical map distance of 5.4 Mb (International Human Genome Sequence Consortium 2001-http://genome.ucsc.edu/cgi-bin/hgGateway).
Discussion
In the present study we have assigned the gene for autosomal recessive alopecia and mental retardation syndrome (APMR) to chromosome 3q26.33-q27.3. Significant evidence of linkage to this chromosomal region was found with maximum two-point and multipoint LOD score exceeding 3.0 with several markers.
Previously, we have reported the identification of an AH (MIM 609167) locus on the same chromosomal region 3q26.33-q27.3 between markers D3S3730 (191.79 cM) and D3S1314 (212.61 cM) (Aslam et al. 2004) . Patients in this family showed typical features of hereditary hypotrichosis with no other associated abnormality. The APMR locus reported in the present study share 11.49-cM region with AH locus. However, the clinical findings in the two families are different. Although the two genes in close proximity might cause APMR and AH, it is also possible that the two conditions are caused by different mutations in the same gene.
Through a database search we have identified a number of genes between markers D3S1232 and D3S2436, spanning 5.4-Mb region. Human ETS variant gene 5 (ETV5, MIM 601600), which is involved in the regulation of transcription, is located in this region. All 12 coding exons of ETV5 gene were sequenced in two affected individuals and an unaffected family member; however, no disease causing mutation was detected. The identification of APMR locus is the first step in identifying the underlying gene for alopecia and mental retardation.
